Abstract. Basic transcription factor 3 (BTF3), a transcription factor and modulator of apoptosis, is differentially expressed in carcinoma. To acquire further understanding of the involvement of BTF3 in carcinoma, the present study analyzed the expression of BTF3, as well as its role in cell function in nasopharyngeal carcinoma (NPC). BTF3 transcription rates in human NPC samples (n=46) and adjacent normal tissue samples (n=46) were analyzed using reverse transcription-quantitative polymerase chain reaction and immunohistochemistry. BTF3-silencing in NPC cells was performed via specific small interfering RNA molecules. The function of BTF3 was analyzed by proliferation assays and colony forming assays using a Cellomic assay system. The positive expression rates of BTF3 were significantly increased in cancerous tissues compared with those in adjacent tissues (P<0.05). In addition, BTF3-silencing decreased cell proliferation and colony formation (P<0.01) in TCA-8113 and 5-8F cells. BTF3 is overexpressed in NPC, and its silencing is associated with decreased cell proliferation and colony formation, enhanced apoptosis and cell cycle regulation of TCA-8113 and 5-8F cells.
Introduction
Basic transcription factor 3 (BTF3), the β subunit of the nascent polypeptide-associated complex (NAC), is a protein with a relative molecular mass of 27kDa (1, 2) . BTF3 was originally identified to be the initiator of transcription by RNA polymerase from proximal promoter elements (2) (3) (4) . Subsequently, it was demonstrated to be involved in cell cycle regulation and apoptosis (5, 6) . Several previous studies have suggested that BTF3 may decrease programmed death (7) (8) (9) . In addition, it was also reported to be connected with growth development and morphogenesis (8) .
An increasing volume of research has focused on the presence of BTF3 in malignant tumors, and BTF3 has been demonstrated to be overexpressed (9, 10) . By contrast, silencing of BTF3 results in decreased expression in the genes associated with tumor cell viability, including Eph receptors B2 (11) .
In cancer, a significant volume of research has focused on the carcinomatous effects of BTF3, while there has been less research on squamous cell carcinoma and cell function (9, 10) . In particular, to the best of our knowledge, there has been no research examining nasopharyngeal carcinoma (NPC). Preliminary studies regarding biological treatments targeting epidermal growth factor receptor (EGFR) and angiogenesis have been performed (12) . However, clinical implications of other novel targeted therapies remain in the initial stages (12) . The prognosis for advanced NPC is very poor (12) ; however, early-stage NPC is potentially curable. Therefore, early identification by screening may lead to an improved patient outcome (13) .
In the present study, the expression of BTF3 mRNA and protein in NPC and normal samples was analyzed. siRNA-BTF3 was then used to downregulate BTF3 expression in TCA-8113 and 5-8F cells, and the changes in cell proliferation and colony formation were measured to investigate the association between BTF3 and NPC.
Materials and methods
Clinical data. Patients with NPC admitted between September 2009 and January 2013 and treated at Beijing Tongren Hospital (Beijing, China) were included in the present study. A total of 42 male and 4 female patients with a median age of 62 years (range, 35-72), who had not received any other treatments prior to surgical resection, participated in the present study. All samples were confirmed histologically and all biopsies were obtained with the written consent of the patients. Immediately following surgical excision, a tumor sample was obtained from the tumor area, while corresponding peripheral normal nasopharyngeal tissue was obtained from associated non-cancerous tissue within 1 cm of the tumor without affecting the assessment of the tumor margins. The biopsies were divided into two parts: One snap-frozen in liquid nitrogen immediately following surgical resection, and stored at -80˚C for reverse transcription-quantitative polymerase chain reaction (RT-qPCR) and the other fixed in 4% paraformaldehyde solution at 4˚C for 12-24 h and then paraffin embedded for histological analysis. The present study was approved by the Ethics Committee of Beijing Tongren Hospital Capital Medical University (approval no. TRECKY2014-027; Beijing, China).
Cell culture. The TCA-8113 and 5-8F cell lines purchased from Shanghai GeneChem Co., Ltd., (Shanghai, China), were cultured in complete Dulbecco's modified Eagle's medium (DMEM; Beijing Neuronbc Laboratories Co., Ltd., Beijing, China), supplemented with 10% fetal calf serum (FBS; Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA), and incubated at 37˚C in a 5% CO 2 atmosphere.
Immunohistochemistry. The BTF3 antibody was purchased from Abcam (ab66940). Tumor tissue and corresponding adjacent normal nasopharyngeal tissue were preserved by paraffin embedding. A positive biopsy was used for 3,3'-diaminobenzidine (DAB) staining of the positive control, and the antibody was replaced with phosphate-buffered saline for staining of the negative control. The working concentration of rabbit anti-human BTF3 monoclonal antibody was 1:100, at 4˚C overnight. DAB staining was contrasted with 0.5% hematoxylin at 37˚C for 2 min. Yellow to brownish-yellow granules in cells were considered to indicate positive cells. Positive cells were counted in five randomly selected fields of view under a light high-power microscope (magnification, x400) and scored according to the positive expression rate (0 points for <10%; 1 point for 11-20%; 3 points for 21-50%; and 4 points for >50%) and staining intensity (0 points for no staining; 2 points for weak staining; and 3 points for strong staining). The sum of the points for staining intensity and positive expression rate was used as the expression score. A score ≥3 was considered to indicate a positive case while a score of 0-2 was classified as a negative case.
Reverse transcription-quantitative polymerase chain reaction (RT-qPCR).
The RNA of clinical specimens was extracted using the Rneasy ® Micro kit (cat no. 74004; Qiagen GmbH, Hilden, Germany) and DNA was digested from RNA specimens using the ReverTra Ace qPCR RT Master mix with gDNA Remover (FSQ-301; Toyobo Life Science, Osaka, Japan). Primer amplification was performed using a SYBR Premix Ex Taq kit (Toyobo Life Science, QPS-201). The real-time PCR included 0.5 µl upstream and downstream primers, and 1 µl template with an iCycler real time PCR instrument (Bio-Rad Laboratories, Inc., Hercules, CA, USA). The reaction conditions included 95˚C denaturation for 15 sec, 60˚C for 15 sec and 72˚C for 45 sec, and were repeated for 40 cycles. The upstream and downstream primers were: β-actin forward, 5'-GCT GCC CTG AGG CAC TCT TC-3' and reverse, 5'-ATC CTG TCG GCA ATG CCA GG-3'; and BTF3 forward, 5'-GCA TCT CTG GCA GCG AAC ACT-3' and reverse, 5'-GCA AGT GGT GCT TTT CCA TCC-3'.
The RNA of cell specimens with BTF3 expression was extracted using TRIzol (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA). RNA was reverse transcribed using M-MLV-RTase (Promega Corporation, Madison, WI, USA). The reaction system included 0.5 µl upstream and downstream primers, and 1 µl template. Primer amplification was performed using the LightCyclerFastStart DNA SYBR-Green kit (Takara Bio, Inc., Otsu, Japan; DRR041B) with the TP800 real time PCR instrument (Takara Bio, Inc.). The RT-PCR conditions included 95˚C denaturation for 15 sec, 95˚C for 5 sec and 60˚C for 30 sec, and was repeated for 45 cycles. The upstream and downstream primers were as follows: GAPDH forward, 5'-TGA CTT CAA CAG CGA CAC CCA-3' and reverse, 5'-CAC CCT GTT GCT GTA GCC AAA-3'; and BTF3 forward, siRNA viral vector construction. The BTF3 siRNA transcript template (sense, 5'-GCC GAA GAA GCC TGG GAA TCA-3') was used to generate the viral vector, digested with AgeI/EcoRI enzymes (cat. no. R3552L/R3101L; New England BioLabs, Inc., Ipswich, MA, USA), and then ligated with pGCSIL-GFP vector (New England Biolabs). Following confirmation by agarose gel electrophoresis, the cloned products were assessed with PCR. The positive clones were considered to be successful siRNA viral vector constructions. PCR primer (+), 5'-CCT ATT TCC CAT GAT TCC TTC ATA-3' and primer (-), 5'-GTA ATA CGG TTA TCC ACG CG-3'. PCR was performed according to the manufacturer's protocol using an Applied Biosystems 2720 thermal cycler real time PCR instrument (Applied Biosystems; Thermo Fisher Scientific, Inc.). The thermocycling conditions included 94˚C denaturation for 30 sec, 94˚C for 30 sec, 55˚C for 30 sec, 72˚C for 30 sec and 72˚C for 6 min, and repeated for 30 cycles.
Cell interference efficiency. TCA-8113 and 5-8F cells were plated into 6-well cell culture plate (4x10 5 cells) with DMEM containing 10% FBS, with a density of ~30%. An appropriate amount of lentivirus vector was added to the cells according to the group, the multiplicity of infection of the two cells were 10 in the TCA-8113 group and 20 in the 5-8F group. The control group comprised normal cells with viral infected negative control, whereas the experimental group was normal cells with viral infected RNAi target point. Total RNA was extracted using TRIzol (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA) and M-MLV-RTase (Promega Corporation) was used to treat cells with green fluorescent protein (GFP) expression. To evaluate the interference effect of the target point, total cells were analyzed for gene mRNA expression by RT-qPCR prior to collection at 5 days following treatment. PCR was performed using the aforementioned primer.
Cell proliferation assay. The MTT (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) assay was used. The purple formazan crystals were dissolved using DMSO, in order to assess proliferation. Cells were seeded in 96-well plates at a density of 5x10 3 cells/well overnight, and then treated with the indicated doses of fluorouracil (5-FU) or gemcitabine for 48 h. MTT (5 mg/ml in PBS, pH 7.4) was added to a final concentration of 0.5 mg/ml. The products were solubilized with acidic isopropanol and the optical density was measured at 490 nm after 4 h of incubation at 37˚C. The growth curve was constructed and absorbance was corrected with blank readings. The experiments were performed in triplicate and repeated three times.
Colony forming assay. A total of 600 cells from the control and experimental group were plated per well into 12-well plates in triplicate. Following a 10-day culture, the colonies that had formed were analyzed under a fluorescence microscope (XDS-100; magnification, x200). Images of the whole colonies were captured with a digital camera, and then the images were used for cell numbers counting. The data were then statistically analyzed.
Follow-up. Patients were followed up by clinical appointment and telephone for survival status, disease progression, time of death (if applicable) and postoperative complications. The study cut-off was June 2015 and overall survival (OS) was defined as the time between the first surgeon's appointment and mortality from any cause. Participants who were alive at the end of the study period or lost to follow-up were censored.
Statistical analysis. Survival analysis was performed using Kaplan-Meier analysis and the multivariate Cox proportional hazard model, and significance was analyzed using the log-rank test. Data were analyzed using SPSS 17.0 statistical software (SPSS, Inc., Chicago, IL, USA). Measurement data were compared using a paired t-test. Survival status and multivariate analyses were performed using the Pearson's χ 2 test and Cox regression analysis. The data were presented as the mean ± standard deviation. The experiments were performed in triplicate and repeated three times. P<0.05 was considered to indicate a statistically significant difference.
Results
Expression levels of BTF3 are increased in NPC tissues. In order to identify BTF3 in nasopharyngeal tissue, immunohistochemistry was performed. The antibody utilized recognized the BTF3a and BTF3b isoforms. In normal tissue, weak BTF3 staining was detected in the cytoplasm of cells and nuclei were not stained. In tumorous tissue, BTF3 was strongly stained in the cytoplasm and nuclei (Fig. 1) . The positive staining rates of BTF3 were significantly increased in cancerous tissues (65%; 30/46), compared with those in adjacent tissues (24%; 11/46; P<0.01) ( Table I ). These results indicated that the expression levels of BTF3 in NPC were increased. With the increase in the degree of tumor stage, immunohistochemical staining also increased.
RT-qPCR.
To analyze the potential variations in mRNA expression levels of BTF3, RT-qPCR was used in NPC tissues and adjacent normal tissues. The mean expression value in tumorous tissues was 2.353±0.445 and the value in adjacent normal tissues was 0.727±0.292, which suggested significant differences in gene expression levels between the cancerous and adjacent tissues (P<0.01) ( Table I ). In addition, these results indicated that the expression of BTF3 in tumorous tissue was significantly increased (P<0.05).
Cell interference. RT-qPCR was performed to detect potential changes in mRNA levels of BTF3 expression in experimental and control groups. The results illustrated significant differences in gene expression levels (P<0.01), demonstrating that siRNA-BTF3 successfully transfected into TCA-8113 and 5-8F cell lines led to decreased mRNA expression (Figs. 2 and 3) .
Cell proliferation assay.
Results are presented as growth curves from day 1 to day 5, and suggest that MTT value ratios (multiplication rate) were significantly reduced in 5-8F and TCA-8113 experimental groups (Figs. 4 and 5) . The results indicated that there was a significant inhibition of 5-8F and TCA-8113 proliferation following siRNA lentiviral transfection (P<0.05).
Cell colony formation assay. In 5-8F cells, a mean of 36 colonies was detected in the siRNA BTF3 group, whereas a significantly higher mean of 110 colonies was detected in the control group (P<0.01; Fig. 6 ). Similarly, in TCA-8113 cells, a mean of Table II . Association between protein and mRNA expression of BTF3 and clinicopathological characteristics in 46 nasopharyngeal carcinoma cases. 65 colonies was detected in the siRNA BTF3 group, whereas a significantly higher mean of 121 colonies was detected in the control group (P<0.05; Fig. 7) . Compared with the control group, the examined cell lines exhibited a significantly lower colony formation ability following BTF3-silencing.
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Follow-up.
In the 46 cases of nasopharyngeal tissue, the BTF3 gene was associated with tumor stage, lymph node metastasis and distant metastasis (Table II) . The patients with later tumor stage, lymph node metastasis or distant metastasis exhibited a stronger BTF3 expression compared with those with early tumor stage, negative lymph node metastasis or distant metastasis (P<0.05).
Survival analysis for BTF3 expression.
The Kaplan-Meier analysis of survival with respect to mortality from all causes is illustrated in Fig. 8 . A total of 10 mortalities occurred from any cause. Compared with patients with low expression of the BTF3 gene, the patients with high expression had a significantly increased risk of mortality (Log-rank, 7.55; P=0.01). Next, survival status was determined using the multivariate Cox proportional hazard model. Metastasis was a significant risk factor in patients with NPC (HR, 0.09; 95% CI, 0.16-0.47; P=0.01). Furthermore, the positivity for BTF3 (HR, 47.48; 95% CI, 1.35-1809.34; P=0.03) was a significant risk factor for the shorter OS periods observed in patients with NPC (Table III) .
Discussion
Nasopharyngeal carcinoma (NPC) is highly prevalent in Southeast Asia, Southern China, Hong Kong and Taiwan (15) . In 2010, data demonstrated that the incidence rate of NPC was 19.5/100,000, while mortality rates was 7.7/100,000 in Southern China (16) . The biological behavior and prognosis may be significantly different in patients with NPC with the same stage, histological type or differentiation grade (17) . Recently, BTF3 has been revealed to be overexpressed in numerous types of malignant tumor, and has a great influence on gene expression, which is associated with tumor formation and development (9, 10) .
BTF3 was initially purified from HeLa whole cell extracts (3, 4) , and is present in two isoforms, BTF3α and BTF3β, which are spliced by the same mRNA (18) (19) (20) . BTF3α has all the characteristics of purified BTF3, whereas BTF3β is transcriptionally inactive and lacks the first 44 amino acids of the BTF3α N-terminus, despite its ability to bind RNA pol II (1, 5, 21, 22) . At an early stage of transcription initiation with RNA polymerase II, transcription factor class II D (TFIID) is required to be stably bound to the proximal promoter region, such as the TATA box (2). The BTF3 protein, an additional TF II-related protein, is not directly associated with the proximal promoter, but forms a stable complex with RNA polymerase II and is part of the gene transcription initiation complex (23) (24) (25) (26) .
In addition, BTF3 was demonstrated to be involved in cell cycle regulation and apoptosis (27) (28) (29) . Using a subclone of the human Burkitt lymphoma BL60 cell line, Brockstedt et al (5) initially discovered that the BTF3 gene was associated with anti-IgM antibody-mediated apoptosis. Downregulation of BTF3 is involved in the inhibition of transcription and protein synthesis in the apoptotic K562 cells induced by harringtonine (7) . Later, BTF3 was identified as ICD-1 (Inhibitor of Cell Death-1) in Caenorhabditis elegans, a previously uncharacterized suppressor of apoptosis (6). Bloss et al (6) reported that that loss of ICD-1 leads to inappropriate apoptosis in developing and differentiated cells in various tissues, while overexpression of ICD-1 with CED-4 (caspase-4) participation inhibits the apoptosis of cells that are normally programmed to die (6) .
In addition, BTF3 is important in growth development and morphogenesis (30) . Deng and Behringer (8) transmitted a BTF3 mutation through the germline of chimeric mice, and identified that mice homozygous for the mutant allele died soon after implantation (8) .
In the present study, the BTF3 gene was demonstrated to be overexpressed in NPC tissues compared with adjacent normal tissues, which is consistent with results in glioblastoma multiform (31) (32) (33) , hepatic and gastric (34) (35) (36) , pancreatic (9) and prostatic cancer (10) . In addition, immunohistochemical staining is also increased with an increasing degree of tumor differentiation, which is consistent with pancreatic (36), prostatic (10) and colorectal cancer (27) (28) (29) . The expression of BTF3 is much higher in advanced tumor stages and lymph node metastasis. In addition, at follow-up, BTF3 was identified to have a significant association with tumor stage, lymph node metastasis and distant metastasis. Furthermore, the data demonstrated that patients with high BTF3 expression had a significantly lower survival rate than those with low levels of BTF3. This may be due to the BTF3 gene participating in cell apoptosis, decreasing programmed cell death and promoting the growth of tumor cells (6, 30) .
In the present study, siRNA-BTF3 was used to downregulate BTF3 expression in 5-8F and TCA-8113 cells. BTF3-silencing was demonstrated to decrease cell proliferation, particularly in TCA-8113 cells. Furthermore, compared with the control group, following BTF3-silencing, cells exhibited a significantly lower colony formation ability. This may be associated with cell cycle arrest following BTF3-silencing. BTF3-silencing may induce G1 to G2/M or S phase failure, which leads to the inhibition of cell cycle completion and postponement of cell multiplication. By contrast, the BTF3 gene participates in the process of apoptosis (9), including anti-IgM antibody-mediated apoptosis (30) or apoptosis with caspase-4 (CED-4) participation (6) . In addition, BTF3 may inhibit the apoptosis path by affecting several tumor correlation factors.
A number of limitations are indicated in the present study. The possibility of selection biases exists, which may have affected either the patients referred to the institution or the patients recruited in the present study. In addition, the performance of apoptosis experiments and cell cycle experiments are required in future examination of BTF3 gene function.
In summary, the results of the present study demonstrated that BTF3 mRNA and protein were overexpressed in patients with NPC, which was associated with tumor stage, lymph node metastasis and distant metastasis. In addition, patients with a high expression of BTF3 had a significantly increased risk of overall death, which indicated that the BTF3 gene was associated with the progression and prognosis of NPC. Furthermore, silencing of BTF3 may inhibit tumor growth and cloning ability, due of its association with cell proliferation and the process of apoptosis. Therefore, the results of the present study indicated that BTF3 may contribute toward the development, progression and prognosis of NPC, and may provide evidence at the molecular level for the targeted therapy of NPC.
